Effects of bacterial lipopolysaccharide and calmodulin on Ca2(+)-ATPase and calcium in human natural killer cells, studied by a combined technique of immunoelectron microscopy and ultracytochemistry.
Our previous studies indicate that bacterial lipopolysaccharide (LPS) enhances natural killer (NK) cell-mediated cytotoxicity and increases intracellular calcium (Ca2+) in hepatocytes. Calmodulin (CAM) regulates Ca2(+)-ATPase activity, intracellular Ca2+, and is also implicated in NK cell-mediated cytolysis. In the present work, the effects of LPS and CAM on Ca2(+)-ATPase and intracellular Ca2+ in human NK cells were studied by a combined technique of immunogold electron microscopy and ultracytochemistry. Peripheral blood mononuclear cells were treated with 100 micrograms/ml E. coli (0111:B4) LPS and/or 5 micrograms/ml CAM in RPMI 1640 medium at 37 degrees C for 1 or 4 hr. NK cells labeled with monoclonal anti-Leu-11a (CD16) antibody and colloidal gold-conjugated anti-mouse IgG were processed for cytochemical localization of Ca2(+)-ATPase and Ca2+. Ca2(+)-ATPase was localized in the plasma membrane of NK cells, and its activity was suppressed by LPS but was enhanced by CAM. However, no apparent changes in the enzyme reaction were observed when cells were exposed to CAM concomitantly with LPS or stimulated with LPS before CAM. Apparent reduction of the enzyme reaction was observed when LPS stimulation was preceded by CAM. Ca2(+)-ATPase reaction in mitochondria was observed only in NK cells exposed to CAM. Computer image analysis showed no changes in the intracellular Ca2+ in NK cells treated with LPS for 1 hr, whereas a significant increase in Ca2+ was found in cells exposed to LPS for 4 hr. The intracellular Ca2+ significantly decreased in NK cells treated with CAM or with a combination of LPS and CAM as compared to that of controls (p less than 0.05). The results indicate that CAM is capable of blocking or reversing the inhibitory effect of LPS on Ca2(+)-ATPase, and suggest that in human NK cells the plasma membrane-associated Ca2(+)-ATPase is responsible for extrusion of intracellular Ca2+.